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Fig. 1 Distribution of sampling sites in Chengiao East Lake
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Tab.1 Spatial and temporal distribution of phytoplankton species in Chenqiao East Lake

RAE R FA REBEANEL  SREEMEC BEMEARAC BB ROEANVEL SdER S WA R ORISR

BE 10 17 4 5 1 1 1 0 39
. FES 11 36 7 5 2 0 1 2 64
¢ Tz 13 15 7 3 4 1 1 0 44
L& 10 4 2 2 0 2 0 0 20
B 8 12 3 3 1 0 1 0 28
. FES 5 28 7 3 1 0 0 1 45
¢ = 4 12 5 4 3 0 0 1 29
A&7 6 5 1 2 0 1 0 0 15
B 11 9 3 3 0 1 0 0 27
. FES 7 15 4 3 1 0 1 0 31
. Bk 5 4 5 1 1 0 0 0 16
%2 6 5 2 0 0 2 0 0 15
HZE 8 19 5 2 1 1 0 0 36
. 2% 10 30 6 2 1 0 2 1 52
“ Bk 5 9 6 2 2 0 1 0 25
&7 7 7 7 3 1 1 0 0 26

A 1 (R e BV A A AR 16 B, ank 2 FTR AU RN AR 5 TR ) A G, B
PERAFP I i 4 Fp (LR35 4 FRRIESE 5 Fh 10 A B Euglena caudata (BEBETD) Wi B3 Cry ptomonas
erosa (BRBET]) o /0 B #E 5% Dinobryon divergens (42 301]).
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5 BT K, BT AR P VD A, HL PR32 b kb K R [R] B AS B 2 P T LK AR 3% B EE 5 sl 5 A D L A
FE A BRI AN K BIL AR 5] B AT DL 3 — S A2 A5 % o DX, X0 b b 25 7K 2R AT FAL B, AT B R 0 K PR BE B i pH
A 7.73~8.68, WA E FKEWI TR LA FETRMA SRR B NLFZRNE FZZEFEIN
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Fig.2 Seasonal and sampling sites distribution of phytoplankton species in Chengiao East Lake
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Fig.3 Seasonal distribution of phytoplankton abundance at each sampling site in Chengiao East Lake
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261 mg« L' F3(EY 0.105 mg « L H AR RORE I BAE R Z 09 CL R G2 AR S R 2B
FRFH &S THAL 3 AF, A 3 REBVIZIE  24FFIER 52.5 mg « L & EN AR TR C1 R
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FIEMSR .5 pH B R F A (P<C0.05) s #i Ak 5 SR BB 2R L~ 75 05 MK 52 0 S 3% 1B A
KRF(P<0.0D), AL AL 5 B F TSR (P<C0.05) s ¥ 5 MR B0k Z A FUKIR 2 23 1E
FAG 55V Ak SN 48 3 D Fb o7 0 25 670 DG 5 4B ol ) 5 /K Ol S A0 0 3 SRR G L 5 A i SR R A B 3 IE A G (P <<
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R2 BHREMEFEDLEMABE

Tab.2 Dominance of dominant phytoplankton species in Chenqgiao East Lake

DB
ETRE DL
B HZE fhZE X%
S1 REFAF#E Synedra acus 0.032 0.024 0.022 0.056
S2 B MEFTF 3 Fragilaria capucina 0.029 — — 0.025
S3 INER#E Cyclotella 0.048 0.025 — 0.038
S4 4 /NFHE # Navicula exigua 0.022 — — 0.045
S5 INERE Chlorella 0.096 0.07 0.06 —
S6 HKIBGEERIE Chlorococcum infusionum 0.068 0.044 0.032 —
S7 P4 M3 Scenedesmus quadricauda 0.044 — — —
S8 #2243 Hormidium flaccidum — 0.036 — —
S9 G IMFETE Microcystis aeruginosa 0.037 0.12 0.14 —
S10 38243 Merismopedia elegans — 0.062 0.058 —
S11 A8k RapHidiopsis sinensia — 0.037 0.049 —
S12 INBRE Oscillatoris tenuis — 0.026 — —
S13 th R %8 Anabeana — 0.02 0.032 —
S14 FE#EE Euglena caudata 0.05 — — 0.028
S15 I 7 B Cry ptomonas erosa — — 0.028 —
S16 Sy i HE B Dinobryon divergens — — — 0.032

R3 HREWREREIKEELER

Tab.3 Physical and chemical indicators of water at each sampling site of Chenqiao East Lake

TN/ TP/ NHi-N/  COD¢/ Chl-a/ DO/
FFES FW WT/C SD/em pH ORP/mV
(mg+*L D(mg+*L ND(mg+L D (mg+L " (ug+ L") (mge+L 1)

HE 1.384 0.118 1.099 66.9 25.2 17.0 35.0 7.73 8.68 192.30

. "% 2.362 0.261 1.668 126.4 89.3 33.9 15.0 8.30 6.82 98.80
o % 1.982 0.200 1.412 60.2 16.7 17.0 27.0 8.60 6.32 90.00
B = 1.575 0.054 1.038 60.0 4.1 4.1 40.0 8.20 12.17 226.10

B 1.421 0.064 0.932 56.3 20.0 16.7 110.0 7.81 8.16 210.30

) "z 1.478 0.144 0.853 61.7 36.3 33.6 30.0 8.18 5.75 125.20
- Bk 1.922 0.108 1.298 48.2 25.1 16.3 45.0 8.34 6.00 123.30
A7 1.419 0.058 0.751 52.0 3.6 4.1 76.0 8.09 12.43 182.40

HZ 1.296 0.084 0.844 35.2 12.8 17.2 40.0 8.07 10.33 215.10

. e 1.274 0.128 0.738 48.2 350. 32.7 25.0 8.68 7.60 117.60
© Bk 1.112 0.074 0.680 36.1 6.5 17.3 50.0 8.42 7.24 180.30
E= 1.373 0.054 0.719 32.0 1.9 4.1 50.0 8.43 12.52 182.70

BE 1.299 0.081 0.923 42.0 27.0 17.2 75.0 7.94 8.69 208.00

. FES 1.440 0.108 0.640 45.2 38.1 32.5 38.0 8.76 7.41 127.20
- k2 1.628 0.099 1.080 33.1 15.3 17.7 52.0 8.29 7.70 191.00
K 1.134 0.051 0.946 36.0 3.8 4.1 85.0 8.37 10.27 198.10

Rk 1.506 0.105 0.976 52.5 22.5 17.8 50.0 49.56 8.26 166.78

25 (M FOK B TR AR v ) . BRSO LR EUE 2 T A R BRI K IR AR AL T TV-V oK
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TR DL, 7K 5t 4 22 3l S48 IE B R R BRE TR RS A8 BORTE M K R B0, 45 R BR FRFF R WK R & 4E 2 &
BRAIRGL (R O NF= R FE B FK i 2 i b BB 8 IR A Fo i 5 4 8 22T K BT AR AR A 1
AR E L CL RAE FOK B 22 5 8 SRl di o ™ i, R C2 SR A, C4 SRAE UK BT 25 B sh B P A
C3 SR A SR R R &

x4 BEHFEHERER TSIy BEETEN

Tab.4 Seasonal variations of TSI, values at different sampling sites in Chenqgiao East Lake

SR ke eSSt TSIy (Chl-a) TSIy (SD) TSI (TP) LAy TSI R
H%E 59.8 79.0 64.8 67.9 W E AR

) HE 73.6 93.2 74.8 80.5 WER
¢ "% 55.3 83.4 71.5 70.1 HERA
LS 46.3 74.8 53.5 58.2 R

# 7% 57.3 59.9 57.3 58.2 WE A

. "% 63.8 81.6 67.4 70.9 i
“ ®E 59.8 74.8 63.8 66.1 B R
L 45.5 68.7 54.4 56.2 WE A

B 52.4 76.8 60.7 63.3 i

5 HE 63.4 84.6 65.9 71.3 GRS
0 ®E 45.0 73.1 59.0 59.0 WE T
X Z 37.3 68.7 55.1 53.7 WA

H% 60.6 66.3 60.2 62.4 X

] HE 64.3 77.7 63.7 68.6 W E AR
“ ®E 54.4 72.4 62.7 63.2 SR
K2 46.7 71.2 55.9 57.9 i

Y 55.3 75.4 61.9 64.2 CEE-EiE

RS5 FHFEVETEXFESTHERETFHEXIN

Tab.5 Correlation analysis between abundance of phytoplankton and environmental factors

TN TP NH{-N  CODc; Chl-a WT DO SD pH ORP
o —0.048 —0.128 0.139 0.074 —0.033 —0.324 0.514 " —0.032 —0.528" 0.520"
> 72 0.765** 0.858"* 0.738** 0.740** 0.891** 0.640"* —0.617* —0.498" 0.040 —0.599"
[ 0.824** 0.830** 0.759**  0.855"* 0.853" " 0.575" —0.391  —0.464 0.144 —0.565"
P 0.234 0.351 0.340 0.417 0.376 0.200 —0.222  —0.269  —0.411 —0.139
=8 0.611" 0.655* " 0.630" " 0.461 0.614" 0.535*  —0.776** —0.322 0.028 —0.551"
& —0.272  —0.484  —0.126  —0.138  —0.441 —0.650"* 0.673** 0.386 —0.139 0.495
e 0.106 0.176 —0.133 —0.125 0.140 0.372 —0.284 —0.222 0.586* —0.372
W 0.120 —0.029 0.188 0.116 0.074 0.080 —0.354 0.244 —0.491  —0.010

YELfE 0,01 KU b B, AE 0.05 KT GO 1 534
24 FHEWEBMEKFERTFE CCA 5
CCA HER /P4~ 9 R 22 18] B9 AH 56 R BN —0.029, JLF T AHTE 5. 57 B RS R AY A C R B 0, M
L FT P A HE P A R AR 4 0 A 0,642 A 0,195, JL R B T WA AE B 42.7 % W Rl 5 R BE R 56 R Y
68.1% (& 6). U6 B HE 7 P BB g b 2 17 77 Ui A 0 P10 34 S5 /K A8 TR - 22 IR 1 DG 3R HE P 25 ROZ m] RE it
FIH CANOCO 4.5 X FREE A8 £ $EAT F 2 0 2 SRR R i o, 45 ALk ih 6 AR BE A8 &, 5 A 9
B4R S AR B /INHEFIAR U 0 75 i S0 /K IR cpHLL 3B B B L B RIME 22 . NI 4 AT LB L 3 B
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F i 460 5 58 — il Sy 1E A4H G (0.
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RSP 5 I EE T Z H X R
AL =, — 2 A S3 (/NI L
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). SR MAXREY . IHF A
Mo, ML 4l S -
COREFFT ) L S2 CHli i #T 3) L S14
(R #3535 W B A1 26 7 45
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Fig.4 CCA ordination chart of dominant phytoplankton species

BB E K pH AL
SR IR AR 5% i 5 3 T
A 3 TURE G L U O S W b AR S R KA AR R A A R DL B K AR S L A SR Bl B Micro-
cystis aeruginosa (S9) /NER#E Chlorella (S5) PR E Anabeana (S13) 5.
Ro6 HGHEAMEHREVREM CCAITER
Tab.6 CCA analysis results of dominant phytoplankton species in Chenqiao East Lake

and environmental [actors in Chengiao East Lake

He P CCA axes 1 2 3 4 BBt Total inertia
FFAEAE Eigenvalues 0.642 0.195 0.15 0.126 1.962
Wy Fh 5 2R 55 BB F #H &P Species-environment correlations 0.979 0.85 0.865 0.865 —
R A B L% )
Cumulative percentage variance of species data seT 12 003 %68 -
Y Fh-FR 554 2 species-environment relation 52.3 68.1 80.4 90.7 —
SAFAE(E Sum of all eigenvalues — — — — 1.962
MY ARAE{E A9 S A Sum of all canonical eigenvalues — — — — 1.229

3 i

TR U A AR 1) 20 AR b 2 A2 KT L7 SR R 5 0 R B AR T R DA A A A S B W 2R AR Ak
A 242 DU T 0 ek 3 B B KR T i B o DL SR - R i o 2 D REVR 4540 s B OB ZR YT 4 e R 0 Oy
FZPL RN I R R B A e A T L SR e A T R N AR R R R L AR R KR
T 14 C B a2 v A g K T B 0 T, KO R g 22 °C B B AR W R X S AR S R A
SESAHWY G o ] 2 D0 R R 2R ) SRk 2R 0 T B S R R O 2 SRR AR Ak = RS Y pH B2
{2 3t i AR KA 23 e A 2 —2 PEG (plankton ecology group) #2324k )92 A Al B9 3% 38 A% 7 i A
Y25 AR A LA | F 90 3R W R At 3 T 4 38 AR 2R W80 P D AL 1) 2 AR A

F 58 245 R 3R I BRATE 2R T b /K IR A 2 I et o R AR O R O ™ BN O K i 22 T H
b 25 3 N R iR AT AL T AR AR T AOIRAS AR TR, HRARE RIX 2 A TR 4™
o S 2 A L AR R K G 22, iR AR i K A Y B IR R AL B KR TR LR 22 I R R 2
— KRR A L C1 SR S K T AR X T R8 4245 32 WUR 52 00 8K, FLIZCR AR U TR R IR, K TR AT T8 v £ 38
BRI F R ARES 5 i UK U PR S BUK S IR R B s S K AR 25, C3 SRFE U — B B N T L B
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PR W Ok B AR LTS e A L B R OK BTG

TR R F S BRI IR T WO AR OGP 20 M 45 R s L Ll S SRR A i S I IR ARG, U W A
ZR B IR A AE B AL BA — AR R AR L 3X 5 K 5T 0 9 A 4 R — B G S K S R I 3 A O, T A
PR IE ARG A 7R A AR A A5 0F AR AR D03 ok 3 855 T A0 O A9 4 1k A G  HL 5 ARy ol L T Rl
T DG IR Al i 2 Sz e ) 4 2R 5 1Ay 7 IR 00 ke 5 0 5 9 e S PR I B LA B R IEAROG . 5 pH £ 18
F MR, 58 SRR AR SC PR B2, P A vp o S B HLAe 6 R Bi i A A AR R RRUE | U T T AP R 85 1 A2
HAT S i 365 A

E UL T 7 45 K 78 A0 32 W B LA A A 0 5 TR 3R 52 ) 8 25 S [t DXCAS [] K AR A Tl 300 o 37 B A 4
HAT I35 50 00 9 PR 85 TR 7 A AN AR [R]L R 250 R AT 50 A A [) DX Il 07 30 A 00 B 250 5 PR TR 7 19 O 3R
B 2 B, 7K TR SV iR A S R L A AL S R B A DX AR ) 1 A R R R R L R
VT L ) 0 5 A AR A S K TR IR AR S p HL B R B LTI ORI AT I R e T A Y A
FEATL R Ui i BT R B p RISl e P AR T V0 A Y SR PR I R R R KR L
25 5 S R B W) VYA U S U L 0 T 9 2 0 A 1) PRI IR T AR 5 3R W R AR T TR A A
ST Z U i SR KR S IR B L S XA AR NI AT SR A R — B0 O pHLEUVR B B RIME A T 4R
LZRAORE B O S K AR IR R i KGR U R S p HL SR BRAL SR 4R bR G R DT (B TR [ 3
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Relationship between phytoplankton community structure and
environmental factors in Chenqiao East Lake

Ma Jianmin,Chu Yifan,Zhao Shanshan,Li Yingchen, Hou Cuicui,Jin Tongxia

(College of Life Sciences, Henan Normal University, Xinxiang 453007 , China)

Abstract : In order to study the spatio-temporal variations of phytoplankton community and its relationship with environ-
mental factors in Chengiao East Lake,four sites were sampled in January, April, July and October of 2017.During this period,
118 phytoplankton species,from 8 phyla and 67 genera were recorded. The most diverse group was the green algae (47 spp,29
genera) , followed by diatoms(35 spp..15 genera).The abundance of the phyplankton was varied from 2.52 X 10° to 3.97 X 107
cells « L' ,the average abundance was 8.54 X 10° cells * L ™', the highest value occurred in the summer.Bacillariophyta domi-
nating during the winter, while Chlorophyta and Cyanophyta dominating during the summer and autumn. Using TSIy Index to
evaluated the water quality,the results showed that Chenqiao East Lake was eutrophication, with the worst in summer and the
relatively good in winter, which was mainly related to human interference. Correlation analysis between phytoplankton abun-
dance and environmental factors showed that,cyanobacteria and green algae were significantly positive correlation with nutrients
and water temperature (P <C0.01),Chrysophyta was significantly negative correlation with water temperature and significantly
positive correlation with dissolved oxygen (P <{0.01).Canonical correspondence analysis (CCA) results showed that dissolved
oxygen,water temperature, pH,total nitrogen,transparency and Chemical oxygen demand are important environmental factors
that affect the dominant species of phytoplankton in Chenqgiao East Lake.

Keywords : Chengiao East Lake; phytoplankton; environmental factors; canonical correspondence analysis

[REHKR ER~]



